suicide ideation and 10 million people had suicide attempt in their lifetime. [3] Major depressive disorder (MDD) is one of the most important risk factors for suicide. [4] Numerous studies have demonstrated that MDD is strongly associated with suicide. [4, 5] A meta-analysis of 3275 suicide completers found that 87.3% of cases had a psychiatric disorder before their death, [5] of which 40-70% were diagnosed with depression. [6, 7] Patients with depression also commonly presented with suicide risk; a meta-analysis of the Chinese patients with MDD presented that lifetime prevalence of suicide ideation and suicide attempt was 53.1% and 23.7%, respectively, and 1-month prevalence of suicide ideation and suicide attempt was 27.7% and 20.3%, respectively. [8] However, there were relatively scarce studies exploring risk factors of suicide in this diagnostic group. [9] To date, some studies [4, 9] have been identified multitude of risk factors of suicide in patients with MDD, including male gender, family history of psychiatric disorder, previous attempted suicide, more severe depression, comorbid anxiety, and alcohol and drug abuse.
Suicidality arises from a complex interaction of components in which multiple adversities represent one of the most significant risk factors in the decision to take one's own life. [4, 10, 11] Suicide is associated with psychiatric, social, political, economic, cultural, and moral factors, [11, 12] stressful life events (SLEs) have drawn much attention over the past four decades, [11] and accumulating evidence suggests that SLEs are closely associated with suicide. [10] [11] [12] [13] Previous studies have demonstrated that people with suicidal risk often struggled with SLEs, such as interpersonal stressors, [11] conflicts with spouse or other family members, [14] and physical illnesses. [10, 15] And, a study has shown that individuals who have suicide attempt were likely to have experienced a higher number of SLEs than those who have not. [16] However, life stressors have also been identified as a risk factor for mental illness, [13] such as depression, [17, 18] which is known to be an important intermediary of suicidality. It has been revealed that the relationship between SLEs and suicide is mediated by depression or depressive symptoms. [19, 20] However, a review pointed out that the effects of SLEs on individual varied by individual's subjective or cognitive appraisals. Unfortunately, many studies have not taken it into account when they evaluated the effects of SLEs on suicide.
The role of SLEs that contribute to the suicidal risk of MDD remains unclear. Thus, the aim of this study was to determine whether SLEs increased the risk of suicide in Chinese patients with MDD, and whether the possible association is independent of depressive symptoms.
Methods

Ethical approval
All procedures in this study were in accordance with the ethical standards of the Declaration of Helsinki. This study was approved by the Ethics Committee of Peking University Sixth Hospital (Approval No. 2013-29-1) and local ethics committee; all individuals provided written informed consent before taking part in this study (ClinicalTrials.gov identifier: NCT02023567).
Subjects
The rationale and design of this study have been described in detail elsewhere. [21] Briefly, patients with MDD were recruited from nine sites in China from December 2013 to December 2016. The enrolled patients, 18-55 years old, were diagnosed by validated Chinese version of the Mini-International Neuropsychiatric Interview (MINI, Version 5.0). [22] Patients were included if the following criteria were met: diagnosis of MDD based on MINI according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition-Text Revision, first-episode or relapse, and inpatients or outpatients. All patients were assessed by the Hamilton Depression Rating Scale 17-item (HAMD-17) [23] to evaluate the severity of depressive symptoms. In this study, item-3 (suicide assessment) score was not included in the total score of HAMD-17 because it was dependent variable. The exclusion criteria were as follows: lifetime or current diagnosis of psychotic disorder, bipolar disorder, alcohol or substance dependence, people suffering from severe physical disease, and women in pregnancy or breastfeeding.
Assessment of suicidality
Suicidality was assessed by the suicidal risk module of MINI with 6 questions, with a total score of MINI suicide module of 33. The risk of suicide was classified as "low" (score 1-5), "moderate" (score 6-9), and "high" (score 10). Following previous studies [24, 25] and recommendation by authors of MINI, the risk for suicide was dichotomized as nonsuicidal risk (low or absent suicide risk) or suicidal risk (moderate or high risk).
Measurement of stressful life events
SLEs were assessed by the Life Events Scale (LES), [26] a self-report scale widely used in China that has favorable validity and reliability, in which a total of 48 items are classified into three dimensions: family life (28 items), work and study (13 items) , and social interaction and other events (7 items). Life events involve serious illness, housing, relationship, social difficulties, relationship breakdowns, unemployment, and financial crises, etc. All patients described these life events as occurring within a 1-year period before participation.
The perceived stressfulness of each life event was calculated in four parts: the occurrence time of life events (absent = 1, before 1 year = 2, within 1 year = 3, and chronicity = 4), characteristic of life events (positive = 1 and negative = 2), influence on state of mind (absent = 1, mild = 2, moderate = 3, severe = 4, and extreme = 5), and duration of influence (within 3 months = 1, with 6 months = 2, within 1 year = 3, and over 1 year = 4). All life events were calculated to reflect the level of SLEs that patients have experienced with the following equation: total score of LES = the occurrence time of life events × characteristic of life events × influence of mind × duration of influence. The 75 th percentile (a score of 32) in the sample was used as a cutoff value for grouping into the high-level perceived stressfulness (HPS) or low-level perceived stressfulness (LPS). [26] LES was used to measure the perceived stressfulness and number of SLEs that patients exposed. A total of 48-item scale adequately captured complex life events experienced by patients, it can reflect both objectively occurring life events and subjectively perceived stressfulness of experienced life events, the latter is affected by individual cognitive appraisals to the same life events.
Statistical analysis
Demographic and clinical data were analyzed using Chi-square and t-test, as appropriate. To reduce type I error, Bonferroni multiple correction method was used to correct the number of SLE variables tested (family, work and study, and social interaction) using a P value of 0.017 (P = 0.05/3) as a marker of significance.
We used univariate analysis to preselect variables for inclusion in multivariate logistic analysis; predictors were chosen into final models by considering their clinical relevance or statistical significance of suicide in patients with MDD. Then, multivariate logistic regression was performed to identify the correlates of HPS and suicidal risk in patients with MDD (Model 1). A study has shown that individuals with multiple previous suicide attempts were exposed to higher number of SLEs compared with only one previous suicide attempt. [16] Accordingly, participants who had exposed SLEs were divided into three groups according to the number of SLEs: 1 ≤ SLEs ≤ 2, 3 ≤ SLEs ≤ 5, SLEs > 5, and compared with patients without SLE, to test the relationship between the number of SLEs and suicidal risk (Model 2). Both models were adjusted for gender, age, having no child, marriage, drinking, and depressive symptoms. All the statistical analyses were conducted using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA).
results
In total, 1100 patients with MDD participated in this study, and 61 patients with incomplete demographic data (work status, marriage, education, smoking, drinking, and has child or not) and clinical characteristics (number of depressive episode and assessment of HAMD-17) were excluded, and 10 patients lacking of information on the suicide risk module of MINI were also excluded. Finally, 1029 patients participated in this study.
Demographic and clinical characteristics
There was no statistically significant difference in gender, work status, BMI, smoking, and numbers of depressive episode between suicidal risk group and nonsuicidal risk group [ Table 1 ]. Patients with suicidal risk were younger and better educated. There were significantly fewer married individuals or individuals with child in the suicidal risk group than nonsuicidal risk group, and patients with suicidal risk had higher rates of drinking behavior. The suicidal risk group presented more severe depressive symptoms comparing with nonsuicidal group, 23.2 and 20.0, respectively.
Suicidal risk assessment
Overall, 28.5% patients had suicidal risk according to the definition that described above; the rate of suicidal risk in male patients was higher than female patients, but the difference did not reach statistical significance [ Table 1 ]. Among patients with MDD, 48.5% patients had suicidal ideation over the last month, 10.7% patients had a lifetime suicide attempt, and 5.4% patients had suicide attempt within the precious month.
Stressful life events assessment
Most of patients (82.2%) reported at least 1 SLE over the last year, 46.7% patients exposed at least 3 SLEs, and only 17.8% patients never experienced SLE within 1-year before participation [ Table 2 ]. Patients with HPS of SLEs had suicidal risk significantly higher than patients with LPS of SLEs: 34.5% vs 23.4% (P < 0.001), and the number of SLEs that patients exposed was significantly higher in suicidal risk group than nonsuicidal risk group. Furthermore, in the subscale of LES, perceived stressfulness of family life (31.0 and 22.3, respectively, P = 0.001) and social interaction (5.5 and 3.0, respectively, P = 0.009) were significantly higher in patients with suicidal risk compared with patients without, and the differences remained significant even after Bonferroni correction [ Figure 1 ]. The suicidal risk group had a higher perceived stressfulness of work and study than the suicidal risk group; however, the difference did not reach the statistical significance (17.0 and 14.4, respectively, P = 0.153).
Univariate and multivariate logistic analyses
To investigate risk factors of suicide in patients with MDD, univariate analysis was performed. The results [Table 3 ] shown that patients with younger age was more likely to have suicidal risk than patients with older age, with increasing about 2-fold suicidal risk for patients in 18-25 years old than 45-55 years old. In addition, divorced, single, and childless individuals had increased the suicidal risk. As we expected, drinking behavior increased the risk of suicide, with the risk being 76% greater risk than patients who never drank before. by gender; therefore, gender being as a predictor was also entered into the final model. [19] Accordingly, all significant predictors of suicidal risk of MDD identified by univariate analyses, and gender identified by previous evidence, were evaluated together. Finally, gender, age, having no child, marriage, drinking and depressive symptoms, perceived stressfulness of SLEs, or number of SLEs were included in the final model.
In both multivariate logistic analyses [ Table 4 ], depressive symptoms emerged as the most robust predictors of suicidal risk, but marriage, drinking, and having no child were no longer predictive. In Model 1, after adjusted for gender, age, marriage, drinking, having no children, and depressive symptoms, the results shown that perceived stressfulness of SLEs was still predicating suicidal risk in patients with MDD, with increased the risk by 54% in HPS than LPS. However, in Model 2, the number of SLEs was no longer predictive.
dIscussIon
The results of this study confirmed that HPS of SLEs increased the risk of suicide in Chinese patients with MDD, even after adjustment of gender, age, marriage, drinking, having no child, and depressive symptoms, but not the number of SLEs. To our best knowledge, this is the first time to investigate the effect of SLEs on suicide risk in a large MDD sample in China.
Our results showed that 28.5% of patients with current MDD had suicidal risk, which is in line with a national survey in China that 32.9% of patients with current MDD had suicidal risk assessed by MINI. [24] However, the lifetime and 1-month prevalence of suicide attempt in this study was 10.7% and 5.4%, respectively, which was notably lower than the results reported in a meta-analysis of Chinese patients with MDD, at 23.7% and 20.3%, respectively. [8] The reason for this discrepancy could be explained by inclusion of different criteria, given that this study had ruled out patients with drug or alcohol dependence, hypomania, and mania, which were all risk factors for suicide attempt. [4] Admittedly, numerous studies have highlighted that SLEs are associated with self-injury, suicidal ideation, suicide attempt, and completed suicide. [10, 11, 13] However, most studies have utilized community rather than clinical sample, and the latter may provide a more stringent test of the relationship between SLEs and suicidal risk by taking into account concurrent psychopathology. Truly, SLEs have also been linked with MDD, [17] and the relationship between SLEs and suicidal risk may account for concurrent MDD. Some studies have shown that the effect of stressful event on suicide may be directly or indirectly modulate by MDD. [19, 20, 27] Our results demonstrated that HPS of SLEs were associated with suicide risk in Chinese patients with MDD, independent of gender, age, marital status, and depressive symptoms. It is inconsistent with a previous study of Asian patients with MDD that found that negative life events associated Severity of depressive symptoms assessed by HAMD-17 can predict the risk of suicide; total score of 1 of HAMD-17 may increase suicidal risk by 7%.
To test the association between SLEs and suicidal risk in patients with MDD, whether modulates by depressive symptoms and other risk factors, multivariate logistic analyses were used. A previous study has demonstrated that the association between SLEs and suicidal outcome varied with suicidality were partially mediated by depressive symptoms. [19] The failure to find an independent association may be related to two methodological limitations. First, the use of a short 12-item life events instrument may inadequately capture complex life events experienced by patients, rather than detect the association between life events and suicidality. [11] Second, the relationship between SLEs and suicide may be hindered by the time windows of assessment of SLEs and the suicidality, which SLEs were evaluated within 12 months prior to the onset of depressive symptoms rather than suicidality, [11] it posed a significant challenge to determine their relationship, and previous studies shown that recollection of major life events in adult tends to start fading after about a year. [28] Those limitations may attenuate the strength of the relationship between SLEs and suicide.
In addition, in multivariate analyses, we found that the number of SLEs that patients exposed was no longer predictive; however, the perceived stressfulness of SLEs had an independent effect on the risk for suicide in patients with MDD. It suggests that the effects of SLEs on suicidal risk may depend on individual cognitive appraisals of a life event, which is consistent with a review that we discussed previously. [13] Unfortunately, some studies [19, 29] have not taken personal cognitive appraisals into account when they investigated the relationship between SLEs and suicidal risk in patients with MDD, resulted in its relationship be diluted.
Our study has several limitations. Given that this study was cross-sectional in design, it is impossible to identify causal relationships between SLEs and suicide risk in Chinese patients with MDD; a prospective study is needed to classify whether HPS of SLEs increases the risk for those patients. Second, SLEs were retrospectively collected; therefore, the findings of this study are subjected to recall bias. Third, this is a single-time-point assessment, recall bias for life events are problematic, because life events may not be adequately captured with long recall period. Multiple time-point assessments in a short time interval may be recommend. Finally, established structured interviews of suicide, such as the Columbia-Suicide Severity Rating Scale, [30] were needed to systematically measure the suicidality of patients with MDD.
These limitations notwithstanding, the strengths of this study are as follows: we conducted a stringent design to reduce the possibility of confounded relationships between SLEs and suicide. For example, patients were excluded if they were concurrent drug or substance dependence [4, 9] and severe physical disease, [31] which were associated with suicide; also, as a review pointed out, [11] clinical samples rather than community samples are recommended in consideration of the fact that relationship between SLEs and suicidality may be mediated by mental disorders. Moreover, previous studies have revealed that the impact of SLEs on suicide varied by gender and the level of depressive symptoms; [19, 32] thus, a rigorous test was performed to test the relationship between SLEs and suicide in patients with MDD by adjusting for gender, age, marriage, drinking, having no child, and depressive symptoms.
The findings have some practical implications. Many studies of suicide have been conducted in developed countries, and since China has different social, political, economic, and cultural contexts, these findings may not be applicable to the Chinese population. [3] Therefore, the identification of risk factors for suicide in Chinese patients with MDD is essential to develop suicide prevention strategies appropriately and effectively. This study confirmed that HPS of SLEs, rather than the number of SLEs, increased the risk of suicide independent of depressive symptoms in a large sample of MDD. There is good evidence that prediction of and intervention for suicidal risk in MDD may result in improving prevention strategies effectively and reducing suicide rates. A study has shown that individuals experiencing higher incidence of SLEs did not increase suicidal risk if they had moderate-high levels of self-appraisal. [33] This suggests that personal resilience may be a protective factor against suicidality. Stress management techniques may be needed to develop adaptive ways to cope with stressors; [34] also, behavior modification techniques and coping skills focused on the perceived stressfulness of SLEs are also needed, as individual resilience and self-appraisal may be enhanced when coupled with these strategies.
Our results indicate that HPS of SLEs are associated with suicide risk in Chinese patients with MDD. Prospective studies are warranted to determine causal relationships between HPS of SLEs and suicide risk in MDD. Further suicidal prevention strategies aimed at HPS of SLEs for Chinese patients with MDD may offer a more promising method of intervention.
